Osteoarthritis year 2011 in review: imaging in OA – a radiologists’ perspective  by Hayashi, D. et al.
Osteoarthritis and Cartilage 20 (2012) 207e214Review
Osteoarthritis year 2011 in review: imaging in OA e a radiologists’ perspective
D. Hayashi y, F.W. Roemer yz, A. Guermazi y*
yDepartment of Radiology, Boston University School of Medicine, Boston, MA 02118, United States
zDepartment of Radiology, Klinikum Augsburg, Augsburg, Germanya r t i c l e i n f o
Article history:
Received 10 October 2011
Accepted 14 December 2011
Keywords:
OA
Imaging
MRI
Ultrasound
Radiography* Address correspondence and reprint requests to:
sity School of Medicine, 820 Harrison Avenue, FGH B
02118, United States. Tel: 1-617-414-3893; Fax: 1-617
E-mail addresses: daichi.alex.hayashi@gmail.com, gue
1063-4584/$ e see front matter  2012 Osteoarthriti
doi:10.1016/j.joca.2011.12.016s u m m a r y
With major technological advances and application of magnetic resonance imaging (MRI) to large
longitudinal osteoarthritis (OA) studies the role of imaging has become increasingly important for OA
research over the last years. Currently, radiography, MRI and ultrasound are the most established
imaging tools applied in a research setting. MRI assessment of OA features can be morphologic,
compositional and can be applied in non-loaded and loaded conditions. Morphologic assessment
includes semiquantitative and quantitative analyses. Novel semiquantitative scoring methods for knee,
hip and hand OA using MRI were introduced. A series of key reports were published this year, reviewing
the importance of radiography and MRI as a research tool. Although radiography is insensitive for the
detection of OA-related structural pathology when compared to MRI, it still has been widely used for
subject inclusion in observational and interventional studies due also to a straight forward disease
deﬁnition that was established more than 50 years ago. In an attempt to generate an MRI-based deﬁ-
nition of structural disease, a Delphi exercise was performed to develop a testable MRI deﬁnition of
structural OA. This presentation reviews publications related to imaging of OA, published in English
between September 2010 and October 2011, excluding animal studies or in vitro data. This is not
a systematic or comprehensive review and the selection of papers included is based on the expert
opinions of the presenter, from a musculoskeletal radiologist’s perspective.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Radiography has been the most widely applied imaging tech-
nique for the structural assessment of osteoarthritis (OA). However,
magnetic resonance imaging (MRI) has become increasingly
important in recent years as is reﬂected by the current trend in OA
imaging related publications. As of September 12th 2011, a litera-
ture search in the Pub Med database for the period between
September 2010 and August 2011 using the terms ‘osteoarthritis’
and ‘radiography’ yielded 457 articles, which reﬂects a 23.6%
decrease in the number of publications compared to the same
period during the previous year (598 articles). In contrast, a litera-
ture search using the terms ‘osteoarthritis’ and ‘MRI’ yielded 282
articles, which presents a 31.2% increase compared to the previous
year (215 articles).
This article reviews the publications related to imaging of OA,
published between September 2010 and October 2011, excluding
animal studies or in vitro data. The period between September andA. Guermazi, Boston Univer-
uilding 3rd Floor, Boston, MA
-638-6616.
rmazi@bu.edu (A. Guermazi).
s Research Society International. PDecember 2010 had already been covered in a previous article
recently published (Osteoarthritis year 2010 in review: imaging)1.
In order to avoid redundancy, publications that were described in
the previous review article may be cited, but will not be fully
described. It has to be emphasized that the current overview is not
a comprehensive systematic review and that the selection of
publications included is based on the expert opinions of the
authors. Due to the multitude of publications not all studies
potentially relevant for certain research groups could be included.
Nonetheless we have tried to give a balanced and broad overview.
The term ‘osteoarthritis’ refers to OA of the tibiofemoral knee joint,
unless stated otherwise.Imaging of knee OA
Semiquantitative scoring of OA features based on MRI
Two publications2,3 dealt with a head to head comparison of the
two most commonly used semiquantitative scoring methods, the
Whole Organ Magnetic Resonance Imaging Score (WORMS)4 and
the Boston Leeds Osteoarthritis Knee Score (BLOKS)5. These studies
highlighted relative strengths and weaknesses of one system from
the other. Based on the strengths of both systems and in order toublished by Elsevier Ltd. All rights reserved.
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Resonance Imaging Osteoarthritis Knee Score (MOAKS), was
developed6. Notable changes include that the terms ‘synovitis’ and
‘’effusion’ were renamed to ‘Hoffa synovitis’ and ‘effusion synovitis’,
respectively, as current data suggests that effusion assessment
on water sensitive sequences always reﬂects a combination of
both synovial thickening and joint ﬂuid7e9. Although MOAKS
scoring demonstrated good reliability, its responsiveness for use in
both clinical trials and epidemiological studies remains to be
determined.
MRI of synovitis
The importance of contrast-enhanced MRI for the assessment of
synovitis in OA has been recognized1,7,10. Synovitis detected by
contrast-enhanced MRI shows strong associations with knee pain
severity10 and is most common in the anatomical locations around
the posterior cruciate ligament and in the suprapatellar recess7
(Fig. 1). The degree of synovitis closely correlates with functional
impairment and disability in patients with end-stage knee OA prior
to total knee arthroplasty11. In addition a novel semiquantitative
scoring method for the assessment of whole-knee synovitis was
introduced that comprises 11 anatomical sites within the knee. The
system was found to be reliable and identiﬁed knees with pain12.
A recent study showed that volumetric effusion assessment on
non-enhanced proton density-weighted MRI consistently over-
estimated the amount of effusion-synovitis by a factor of 1.9 when
using a T1-weighted contrast-enhanced sequence as the Ref. 13.
Ideally, synovitis in OA should be evaluated using contrast-
enhanced MRI but due to possible side effects and associated
costs it is usually not part of large epidemiological OA studies or
clinical trials. Using non-enhanced MRI, a recent publication from
the Multicenter Osteoarthritis Study (MOST) showed that baseline
effusion-synovitis in knees without OA was a predictor of subse-
quent cartilage loss at 30 months follow-up, which suggests
a possible role of inﬂammation in disease initiation and early stages
of OA9 (Fig. 2).Fig. 1. Synovitis on contrast-enhanced MRI. Sagittal T1-weighted fat-suppressed
contrast-enhanced spin echo MRI. A common localization of synovitis is behind the
posterior cruciate ligament depicted as hyperintense synovial thickening (arrow). Note
also presence of synovitis in the suprapatellar recess (no arrows).
Fig. 2. Hoffa-synovitis and effusion-synovitis. A: Hyperintense signal within the
intercondylar region of Hoffa’s fat pad (arrow) on PD-/T2 weighted fat-suppressed fast
spin echo MRI is termed Hoffa-synovitis, a sensitive but non-speciﬁc measure of
synovitis on non-enhanced MRI. B: Hyperintense signal in the joint cavity represents
synovial thickening and joint ﬂuid and is consequently termed effusion-synovitis
(asterisks).MRI of bone marrow lesions (BML)
In a population-based study of subjects with knee pain, Ip et al14
showed that BMLs were present in 11% of subjects with no OA, in
38% of subjects with pre-radiographic OA (KellgreneLawrence
grade <2 on radiography but with notable cartilage damage on
MRI) and in 71% of subjects with radiographic OA (Kellgrene
Lawrence grade 2). BMLs were signiﬁcantly associated with pain
on climbing stairs but not pain on walking or the total Western
Ontario and McMaster Universities OA Index score. Due to the
cross-sectional design, no causal relationship between BMLs and
pain could be inferred. Stein et al15 studied 160 participants from
the progression subcohort of the OA Initiative study and demon-
strated that knees with an anterior cruciate ligament (ACL) tear
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without ACL tear a ﬁnding that stresses the impact of joint
biomechanics on structural integrity of the whole joint, including
the subchondral bone. Focusing on longitudinal data from
the MOST study, Zhang et al16 demonstrated that changes in
MRI-detected BMLs were associated with ﬂuctuations in knee pain
in the same direction. A decrease in BMLs was associated with pain
resolution, which suggests that the subchondral bone might be an
important target of individualized therapy approaches in the
future.
Choice of MR pulse sequences for BML assessment17 is a critical
issue for any investigators in the OA research ﬁeld18. A recent head
to head sequence comparison demonstrated that fat-suppressed
ﬂuid sensitive fast spin echo sequences (such as T2-weighted,
intermediate-weighted or proton density-weighted) superiorly
depicted BMLs in regard to sensitivity of lesion detection and size
assessment when compared to a gradient recalled echo-type
sequence [here the dual echo steady state (DESS)]19.
MRI of meniscus
Englund et al20 studied multiple risk factors for medial meniscal
pathology in 791 knees from the MOST study with normal medial
meniscal status at baseline and found that knee trauma, general-
ized OA, expressed as multiple bony enlargements of ﬁnger joints,
varus alignment and obesity were risk factors of medial meniscal
pathology. It has to be noted that their observational period was
relatively short and also other researchers have suggested that the
development of degenerative changes of meniscal tissuemight take
longer time21. In that longitudinal 1-year observational study it
could be shown thatmedial meniscal intrasubstance signal changes
at baseline did not predict meniscal tears21. However, the studywas
limited by a short follow-up period, lack of surgical correlation and
a low incidence of tears at follow-up. Thus, further longitudinal
studies with larger cohorts and a longer follow-up period would be
needed to conﬁrm those ﬁndings.
Using a within-person comparative approach, Wenger et al22
showed in a subcohort from the OA Initiative that painful knees
had a decreased meniscal coverage of the tibial plateau and greater
extrusion of the meniscal body when compared to painless knees.
The authors applied a novel 3D meniscal segmentation technique,
which provides quantitative measures of meniscal size, position
and other parameters. Stehling et al23 compared the inﬂuence of
loading on different joint structures comparing osteoarthritic and
control knees at 3 T MRI. In this small study (n¼ 30) OA knees
exhibited signiﬁcantly increased meniscal extrusion under loading
conditions when compared to normal subjects and demonstrated
more changes in signal and shape of the meniscus during loading.
In a 2-year clinical trial involving 161 knee OA patients, Raynauld
et al24 demonstrated that severe medial meniscal tear and medial
meniscal extrusion detected by MRI at baseline were strong long-
term predictors of total knee replacement. This last study showed
that, in the context of OA trials, clinical data and structural changes
identiﬁed by MRI allow prediction of a ‘hard’ outcome such as total
knee replacement24.
Using the delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) technique to evaluate the meniscus substance in oste-
oarthritic and normal control knees of younger subjects, Li et al25
showed signiﬁcant differences between those groups for both
ionic and non-ionic contrast agents. The authors concluded the
difference in meniscal T1Gd between OA patients and normal
subjects were not determined by charge distribution, but might be
related to changes in wash-in and wash-out kinetics. Further
studies with larger age matched samples may be warranted to
conﬁrm the ﬁndings.Morphologic MRI of cartilage
Gross et al26 assessed foot morphology and its association with
structural and clinical knee joint changes in the Framingham OA
study. The authors demonstrated that planus foot morphology was
associated with both, frequent knee pain and medial tibiofemoral
cartilage damage. These results suggest that it might beworthwhile
to explore non-pharmacologic or noninvasive preventive inter-
ventions such as the use of supportive shoes and corrective arch
supports among ﬂat-footed older adults. However, high quality
randomized controlled trials have failed to show beneﬁt from
lateral wedge insoles in patients with knee OA27.
Chang et al28 examined the association between locations of
meniscal tears and subsequent cartilage loss in the medial and
lateral tibiofemoral compartment. A meniscal body tear was asso-
ciated with cartilage loss in the external tibial and femoral subre-
gions as well as in adjacent central and anterior tibial subregions.
A meniscal posterior horn tear was associated with cartilage loss in
the posterior tibial but no other subregion. These relationships
were independent of age, gender, body mass index (BMI) and tears
in the other two meniscal segments and persisted in the tibial
subregions after further adjustment for meniscal extrusion. These
ﬁndings demonstrate the relevance of meniscal damage for
subsequent subregional cartilage loss and suggest that at least
some of the meniscal tear effect is experienced locally.
Stefanik et al published two articles related to patellofemoral OA
that showed that quadriceps weakness and patella alta
(¼ abnormally high patella in relation to femur) were associated
with patellofemoral joint cartilage damage and BMLs29 and that
lateral trochlear inclination was strongly associated with lateral
patellofemoral joint cartilage damage and BMLs30. These studies
emphasize the role of the quadriceps muscle for the biomechanics
of patellofemoral joint and subsequent structural damage.
Quantitative cartilage morphometry
Dodin et al31 proposed a fully automatic knee cartilage
segmentation from 3D MR images. In this study, imaging was
performed using a 3 T scanner and a DESS sequence, which is one of
gradient recalled echo-type sequences suitable for use in quanti-
tative cartilage morphometry. Iranpour-Boroujeni et al32 proposed
the use of a semiautomated cartilage segmentation software tool to
quantify 3D cartilage parameters in a local indexed region. The
results suggest that cartilage thinning may be detected using
a method that only partially segments the tibiofemoral cartilage.
This method was shown to be substantially faster than the full-
segmentation approach. Wirth et al33 proposed a novel methodo-
logic strategy for efﬁcient measurement of longitudinal subregional
cartilage thickness loss. With this ‘extended ordered values
approach’ subregional thickness changes in the medial and lateral
tibial and femoral cartilage plates are sorted in ascending order.
This approach showed higher sensitivity to detect differences in
longitudinal rates of cartilage loss than anatomical subregions and
radiography.
Quantitative measurements of cartilage thickness and volume
have been utilized in a variety of clinical studies. Moisio et al34
demonstrated that neutral and valgus alignment of the knee were
associated with a reduction in the risk of subsequent cartilage
thickness loss in certain medial subregions, and that neutral
and varus alignment was associated with a reduction in the risk
of cartilage thickness loss in certain lateral subregions. Wei et al35
performed a cross-sectional study of 489 women aged
50e80 years and showed parity, but not use of hormone replace-
ment therapy or oral contraceptives, was independently associated
with lower cartilage volume primarily in the tibial compartment. In
Fig. 3. MRI assessment of hip OA. Coronal proton density-weighted MRI shows several
features of advanced hip OA that may be semiquantitatively assessed. White arrows
point to areas of bone marrow lesions in the femoral head and acetabulum. In addition,
full thickness cartilage loss is shown in the central weight-bearing region (white
arrowheads). A moderate amount of joint effusion is present (black arrowhead).
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demonstrated that increased dynamic medial knee load, indi-
cated by the higher peak knee adduction moment impulse, was
associated with a greater loss of medial cartilage volume over
12 months. Brennan et al37 showed that medial tibial cartilage
volume was positively associated with bone mineral density as
measured by dual X-ray absorptiometry at the total body, femoral
neck, Ward’s triangle and trochanter in young and middle-aged
asymptomatic women. Berry et al38 undertook a study to
examine the relationship between adipokines and bone and
cartilage biomarkers in a population of subjects with OA, and to
determine whether adipokine levels predicted cartilage integrity in
a longitudinal study. Baseline level of soluble leptin receptor was
associated with an increased cartilage volume loss over 2 years,
independent of age, gender and BMI. The ﬁndings of this study
support the concept that serum adipokines may provide a nonme-
chanical link between obesity and joint integrity that subsequently
results in cartilage volume loss.
Biochemical or compositional imaging of cartilage
Biochemical imaging of cartilage matrix changes can be per-
formed using advanced MRI techniques such as dGEMRIC, T1r and
T2 mapping. In a placebo-controlled double-blind pilot trial of
collagen hydrolysate for mild knee OA, McAlindon et al39 demon-
strated for 30 subjects that the dGEMRIC score increased in tibial
cartilage regions of interest in subjects receiving collagen hydro-
lysate, and decreased in the placebo arm. The difference was
statistically signiﬁcant at 24 weeks. It will be of interest to study in
the future if macroscopic cartilage changes are associated with
those dGEMRIC ﬁndings.
Another study40 showed an increase dGEMRIC indices of knee
cartilage in asymptomatic untrained women who were enrolled in
a 10-week running programwhen compared to sedentary controls.
However, as the study included only 19 subjects over a short
observational period, some caution in interpretation is warranted.
Souza et al41 showed that acute loading of the knee joint
resulted in a signiﬁcant decrease in T1r and T2 relaxation times of
the medial tibiofemoral compartment, and especially in cartilage
regions with small focal defects. These data suggest that changes of
T1r values under loading may be related to cartilage biomechanical
and structural properties.
Radiography-based studies of knee OA
Radiography is limited by its inability to directly visualize
cartilage, and a recent population-based study highlighted this by
demonstrating 49% of symptomatic patients with cartilage damage
did not have radiographic OA (i.e., Kellgren Lawrence grade <2)42.
A recent study using the data from the OA Initiative43 highlighted
the importance of centralized radiographic assessment in regard to
observer reliability, as different thresholds for scoring of joint space
narrowing existed even between expert readers.
Two publications from a large-scale Japanese population-based
study showed that occupational activities involving kneeling and
squatting44, as well as obesity, hypertension and dyslipidemia45
were associated with lower medial minimum joint space width
(JSW) when compared to controls. Another cross-sectional study
showed that a low level of vitamin D was associated with knee pain
but not radiographic OA46.
Imaging of hip OA
A new semiquantitative scoring system for whole joint assess-
ment of hipOA (HOAMS)was presented recently47 that incorporates13 articular features. Adequate reliability of scoring could be shown
for all features and a strong association between MRI-detected
lesions and radiographic disease severity was observed (Fig. 3).
Further validation, assessment of responsiveness and iterative
reﬁnement of this novel scoring system are needed to assess its
utility in clinical trials and epidemiological studies.
Leydet-Quilici et al48 correlated MRI ﬁndings of the femoral
head with histological ﬁndings in advanced hip OA, and empha-
sized on BMLs. Authors found that BMLs corresponded to
a combination of edema, ﬁbrosis and necrosis at histopathology.
Separation of MRI changes into edema-like and necrosis-like, MRI
and histological ﬁndings showed substantial agreement, with
edema-like MR pattern mainly corresponding to histological
edema.
Pollard et al49 showed alterations in the dGEMRIC index in the
cartilage of asymptomatic hips with cam deformities and no
radiographic evidence of joint space narrowing. Cartilage damage
severity as reﬂected in the dGEMRIC index correlated with the
magnitude of cam deformity. Further longitudinal studies are
desirable to establish whether the subclinical changes detected by
techniques such as dGEMRIC are valid as a prognostic marker for
subsequent degenerative hip disease.
Several radiography-based studies have been published. In
a cohort of 1,003 women, baseline alpha angle and mean lateral
center edge angle, e potential radiographic risk factors for hip
OA e , predicted total hip replacement by year 2050. Another study
showed that a substantial proportion (82.3%) of hips with radio-
graphic femoroacetabular impingement did not develop hip OA in
the long-term (mean 12 years follow-up), emphasizing the
controversial discussion on prophylactic surgical treatment in
asymptomatic patients51. Lastly, in a cohort of 2,953 hips, it was
shown that risk of total hip replacement substantially increased in
patients with radiographic OA, regardless of symptom status, and
further increased with decrease in minimal JSW. However, it needs
mentioning that 11e28 years after an initial diagnosis of radio-
graphic hip OA, more than 80% still did not have total hip
Table I
Features of tibiofemoral OA that are used for MRI-based deﬁnition of OA
Group A Group B
(i) Deﬁnite osteophyte
formation
(ii) Full thickness
cartilage loss
(i) Subchondral bone marrow lesion
or cyst not associated with meniscal
or ligamentous attachments
(ii) Meniscal subluxation, maceration
or degenerative (horizontal) tear
(iii) Partial thickness cartilage loss
(without full thickness loss)
(iv) Bone attrition
Fig. 4. Deﬁnition of OA on MRI. Multiple MRI-based disease deﬁning features are
depicted: Group A features are an anterior osteophyte of the medial femur (white
arrow) and diffuse full thickness cartilage loss of the central medial tibia (large white
arrow). Group B features are a large subchondral bone marrow lesion in the weight-
bearing region of the medial femur (white arrowheads), anterior extrusion of the
anterior horn of the medial meniscus (short black arrow) and a horizontal tear of the
posterior horn of the medial meniscus (thin black arrow).
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to entail a relatively small risk for future total hip replacement.
Imaging of hand OA
In a large-scale population-based study, Kwok et al52 described
a prevalence of radiographic hand OA in 56% of 3,430 participants.
Prevalence of erosive hand OA was 2.8% in the general population
and 10.2% in symptomatic patients. Subjects with erosive OA had
more localized pain and disability than those without. Using the
data from Framingham OA study, Haugen et al53 demonstrated
a female predominance of prevalence and incidence of symptom-
atic and erosive hand OA. However, incident radiographic OA in
younger age groups and in speciﬁc joints were more frequent in
men. Among subjects with radiographic OA at baseline, the
majority showed some progression during the follow-up period.
Haugen et al introduced new scoring system called Oslo hand
osteoarthritis MRI (OHOA-MRI) score to enable semiquantitative
MRI assessment of hand OA with good reliability54. It includes
assessment of synovitis, ﬂexor tenosynovitis, erosions, osteophytes,
joint space narrowing and subchondral BMLs on a 0e3 scale, and
absence/presence of cysts, malalignment, collateral ligaments
and BMLs at collateral ligaments insertion sites. Responsiveness
and validity of the score still needs to be evaluated against other
imaging and patient-reported outcomes.
Schraml et al55 compared assessment of synovitis in erosive
hand OA with its potential mimic psoriatic arthritis using dynamic
contrast-enhanced MRI. Enhancement curves of erosive hand OA
and psoriatic arthritis patients were comparable in the early phase,
but signiﬁcant differences were found for late enhancement 15 min
after contrast injection with higher values for erosive OA. It will be
important to show if the observed differences are observed for all
disease stages and if the levels of enhancementmight be inﬂuenced
by previous treatment.
Ultrasound has been increasingly used for assessment of hand
OA. Kortekaas et al56 demonstrated that ultrasound-detected
osteophytes are associated with pain. Klauser et al57 performed
a sonographic evaluation over 4 weeks to assess the efﬁcacy of
weekly ultrasound-guided intra-articular injections of Hyalgan.
A decrease in pain was correlated with decrease in synovial thick-
ening and Power-Doppler ultrasound score between baseline and
the end of therapy.
To take advantage of both, MRI and ultrasound, Iagnocco et al58
performed integrated MRI (0.2 T) and ultrasound real-time fusion
imaging in hand and wrist OA. A striking concordance in the bony
proﬁle visualization at the level of osteophytes could be shown for
both methods. As ultrasound is limited by the difﬁculty of identi-
fying anatomical landmarks at follow-up examinations, fusion
imaging could potentially circumvent this problem by providing
MRI reference points at subsequent examinations. However, per-
forming both, ultrasound andMRI will inevitably increase costs and
examination time, which might prevent widespread use of this
tool.
MRI-based deﬁnition of OA
A Delphi exercise over several rounds was initiated by the
Osteoarthritis Research Society International (OARSI) imaging
working group was performed with the aim of establishing a deﬁ-
nition of tibiofemoral OA59. As a result, OA of the knee on MRI was
deﬁned as the presence of both group A features (deﬁnite osteo-
phyte and full thickness cartilage loss) or one group A feature and
two or more group B features (partial thickness cartilage loss,
meniscal damage/extrusion, BML, attrition) as detailed in Table I
and illustrated in Fig. 4. In the preliminary analysis of thediagnostic performance of the tibiofemoral deﬁnition, authors
detected good speciﬁcity but less optimal sensitivity that was likely
due to detection of disease earlier on MRI when compared to
radiography, which was used as the reference standard. These
results suggest that further testing of that deﬁnition should focus
on comparisons other than radiography, which captures disease
only in advanced stages.Summary and recommendations of OARSI FDA working group
The OARSI initiated the Assessment of Structural Change (ASC)
Working Group in response to a call from the US Food and Drug
Administration (FDA) to update guidance on conducting OA clinical
trials60. The group focused on the performance metrics of
conventional radiography and MRI and performed systematic
literature reviews for both imaging modalities.
Measurement of JSWobtained from radiographs of persons with
knee OA was found to be reliable, especially when the study was
longer than 2 years’ duration and when radiographs were obtained
with the knee in a standardized ﬂexed position61. Regarding the hip
OA, studies have shown conﬂicting results for the correlations
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strated that JSW is predictive of future hip joint replacement62.
A systematic review of the literature on the responsiveness and
reliability of MRI-based measures of knee OA structural change was
also performed63. The inter-reader and intra-reader intra-class
correlation was excellent (range 0.8e0.94), and the inter-reader
and intra-reader kappa values for quantitative and semi-
quantitative measures were all moderate to excellent (range
0.52e0.88). Another systematic review64 examined concurrent
validity of MRI in OA. The relation of BMLs, synovitis and effusion to
pain was moderate to strong. There was a higher frequency of
meniscal tears, synovitis and other features in persons with
radiographic OA. The authors concluded that MRI is the current
most valuable imaging tool for the assessment of OA due to its
unique ability to visualize multiple individual tissue pathologies
relevant in regard to pain and other clinical outcomes.
On the basis of these results, MRI is now recommended for
clinical trials in terms of cartilage morphology assessment60. The
OARSI working group concluded that radiographic JSW is still
a recommended option for trials of structure modiﬁcation, with the
understanding that the concept of JSW represents a number of
pathologies including cartilage and meniscal damage and trial
duration may be long.Conclusion
MRI-based research is becoming increasingly more common in
the OA research community. Novel MRI-based semiquantitative
scoring systems have been proposed for the knee, hip and hand OA.
New methodologic approaches for quantitative assessment have
been introduced and an MRI-based deﬁnition of OA has been
suggested. Radiography and ultrasound can also be useful but
investigators should be aware of their limitations.Author contributions
- Conception and design (all authors).
- Analysis and interpretation of the data (all authors).
- Drafting of the article (all authors)
- Critical revision of the article for important intellectual content
(all authors).
- Final approval of the article (all authors).Role of funding source
None of the authors received any funding related to the writing of
this manuscript.
Conﬂict of interest
DH has no conﬂict of interest to disclose.
AG is the President of Boston Imaging Core Lab (BICL), LLC, and
a Consultant to Genzyme, Merck Serono, AstraZeneca, Stryker, and
Novartis.
FWR is the Vice President of BICL.
References
1. Hayashi D, Guermazi A, Hunter DJ. Osteoarthritis year 2010 in
review: imaging. Osteoarthritis Cartilage 2011;19:354e60.
2. Felson DT, Lynch J, Guermazi A, Roemer FW, Niu J,
McAlindon T, et al. Comparison of BLOKS and WORMS scoring
systems part II. Longitudinal assessment of knee MRIs for
osteoarthritis and suggested approach based on theirperformance: data from the osteoarthritis initiative. Osteoar-
thritis Cartilage 2010;18:1402e7.
3. Lynch JA, Roemer FW, Nevitt MC, Felson DT, Niu J, Eaton CB,
et al. Comparison of BLOKS andWORMS scoring systems part I.
Cross sectional comparison of methods to assess cartilage
morphology, meniscal damage and bone marrow lesions on
knee MRI: data from the osteoarthritis initiative. Osteoarthritis
Cartilage 2010;18:1393e401.
4. Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D,
et al. Whole-organ magnetic resonance imaging score
(WORMS) of the knee in osteoarthritis. Osteoarthritis Cartilage
2004;12:177e90.
5. Hunter DJ, Lo GH, Gale D, Grainger AJ, Guermazi A,
Conaghan PG. The reliability of a new scoring system for knee
osteoarthritis MRI and the validity of bone marrow lesion
assessment: BLOKS (Boston Leeds Osteoarthritis Knee Score).
Ann Rheum Dis 2008;67:206e11.
6. Hunter DJ, Guermazi A, Lo GH, Grainger AJ, Conaghan PG,
Boudreau RM, et al. Evolution of semi-quantitative whole joint
assessment of knee OA: MOAKS (MRI Osteoarthritis Knee
Score). Osteoarthritis Cartilage 2011;19:990e1002.
7. Roemer FW, Kassim Javaid M, Guermazi A, Thomas M, Kiran A,
Keen R, et al. Anatomical distribution of synovitis in knee
osteoarthritis and its association with joint effusion assessed
on non-enhanced and contrast-enhanced MRI. Osteoarthritis
Cartilage 2010;18:1269e74.
8. Roemer FW, Guermazi A, Zhang Y, Yang M, Hunter DJ,
Crema MD, et al. Hoffa’s fat pad: evaluation on unenhanced MR
Images as a measure of patellofemoral synovitis in osteoar-
thritis. AJR Am J Roentgenol 2009;192:1696e700.
9. Roemer FW, Guermazi A, Felson DT, Niu J, Nevitt MC,
Crema MD, et al. Presence of MRI-detected joint effusion and
synovitis increases the risk of cartilage loss in knees without
osteoarthritis at 30-month follow-up: the MOST study. Ann
Rheum Dis 2011;70:1804e9.
10. Baker K, Grainger A, Niu J, ClancyM, Guermazi A, CremaM, et al.
Relation of synovitis to knee pain using contrast-enhanced
MRIs. Ann Rheum Dis 2010;69:1779e83.
11. Liu L, IshijimaM, Futami I, KanekoH, KubotaM, Kawasaki T, et al.
Correlation between synovitis detected on enhanced-magnetic
resonance imaging and a histological analysis with a patient-
oriented outcome measure for Japanese patients with
end-stage knee osteoarthritis receiving joint replacement
surgery. Clin Rheumatol 2010;29:1185e90.
12. Guermazi A, Roemer FW, Hayashi D, Crema MD, Niu J,
Zhang Y, et al. Extended report: assessment of synovitis with
contrast-enhanced MRI using a whole-joint semiquantitative
scoring system in people with, or at high risk of, knee
osteoarthritis: the MOST study. Ann Rheum Dis 2011;70:
805e11.
13. Habib S, Guermazi A, Ozonoff A, Hayashi D, Crema MD,
Roemer FW. MRI-based volumetric assessment of joint effu-
sion in knee osteoarthritis using proton density-weighted
fat-suppressed and T1-weighted contrast-enhanced fat-sup-
pressed sequences. Skeletal Radiol 2011.
14. Ip S, Sayre EC, Guermazi A, Nicolaou S, Wong H, Thorne A, et al.
Frequency of bone marrow lesions and association with pain
severity: results from a population-based symptomatic knee
cohort. J Rheumatol 2011;38:1079e85.
15. Stein V, Li L, Lo G, Guermazi A, Zhang Y, Kent Kwoh C, et al.
Pattern of joint damage in persons with knee osteoarthritis
and concomitant ACL tears. Rheumatol Int 2011 Jan 21. doi: 10.
1007/s00296-010-1749-y [Epub ahead of print].
16. Zhang Y, Nevitt M, Niu J, Lewis C, Torner J, Guermazi A, et al.
Fluctuation of knee pain and changes in bone marrow lesions,
D. Hayashi et al. / Osteoarthritis and Cartilage 20 (2012) 207e214 213effusions, and synovitis on magnetic resonance imaging.
Arthritis Rheum 2011;63:691e9.
17. Roemer FW, Frobell R, Hunter DJ, Crema MD, Fischer W,
Bohndorf K, et al. MRI-detected subchondral bone marrow
signal alterations of the knee joint: terminology, imaging
appearance, relevance and radiological differential diagnosis.
Osteoarthritis Cartilage 2009;17:1115e31.
18. Crema MD, Roemer FW, Hayashi D, Guermazi A. Comment on:
bone marrow lesions in people with knee osteoarthritis
predict progression of disease and joint replacement: a longi-
tudinal study. Rheumatology (Oxford) 2011;50:996e7. author
reply 997e999.
19. Hayashi D, Guermazi A, Kwoh CK, Hannon MJ, Moore C,
Jakicic JM, et al. Semiquantitative assessment of subchondral
bone marrow edema-like lesions and subchondral cysts of the
knee at 3T MRI: a comparison between intermediate-weighted
fat-suppressed spin echo and dual echo steady state
sequences. BMC Musculoskelet Disord 2011;12:198.
20. Englund M, Felson DT, Guermazi A, Roemer FW, Wang K,
Crema MD, et al. Risk factors for medial meniscal pathology on
knee MRI in older US adults: a multicentre prospective cohort
study. Ann Rheum Dis 2011;70:1733e9.
21. Crema MD, Hunter DJ, Roemer FW, Li L, Marra MD,
Nogueira-Barbosa MH, et al. The relationship between preva-
lent medial meniscal intrasubstance signal changes and inci-
dent medial meniscal tears in women over a 1-year period
assessed with 3.0 T MRI. Skeletal Radiol 2011;40:1017e23.
22. Wenger A, Englund M, Wirth W, Hudelmaier M, Kwoh K,
Eckstein F. Relationship of 3D meniscal morphology and
position with knee pain in subjects with knee osteoarthritis:
a pilot study. Eur Radiol 2011 Aug 14. doi: 10.1007/
s00330-011-2234-z [Epub ahead of print].
23. Stehling C, Souza RB, Graverand MP, Wyman BT, Li X,
Majumdar S, et al. Loading of the knee during 3.0T MRI is
associated with signiﬁcantly increased medial meniscus extru-
sion in mild and moderate osteoarthritis. Eur J Radiol 2011 Jun
17. doi: 10.1016/j.ejrad.2011.05.027 [Epub ahead of print].
24. Raynauld JP, Martel-Pelletier J, Haraoui B, Choquette D,
Dorais M, Wildi LM, et al. Risk factors predictive of joint
replacement in a 2-year multicentre clinical trial in knee
osteoarthritis using MRI: results from over 6 years of obser-
vation. Ann Rheum Dis 2011;70:1382e8.
25. Li W, Edelman RR, Prasad PV. Delayed contrast enhanced MRI
of meniscus with ionic and non-ionic agents. J Magn Reson
Imaging 2011;33:731e5.
26. Gross KD, Felson DT, Niu J, Hunter DJ, Guermazi A, Roemer FW,
et al. Flat feet are associated with knee pain and cartilage
damage in older adults. Arthritis Care Res (Hoboken) 2011.
27. Bennell KL, Bowles KA, Payne C, Cicuttini F, Williamson E,
Forbes A, et al. Lateral wedge insoles for medial knee osteo-
arthritis: 12 month randomised controlled trial. BMJ 2011;
342:d2912.
28. Chang A, Moisio K, Chmiel JS, Eckstein F, Guermazi A,
Almagor O, et al. Subregional effects of meniscal tears on
cartilage loss over 2 years in knee osteoarthritis. Ann Rheum
Dis 2011;70:74e9.
29. Stefanik JJ, Guermazi A, Zhu Y, Zumwalt AC, Gross KD,
Clancy M, et al. Quadriceps weakness, patella alta, and struc-
tural features of patellofemoral osteoarthritis. Arthritis Care
Res (Hoboken) 2011;63:1391e7.
30. Stefanik JJ, Roemer FW, Zumwalt AC, Zhu Y, Gross KD,
Lynch JA, et al. Association between measures of trochlear
morphology and structural features of patellofemoral joint
osteoarthritis on MRI: the MOST study. J Orthop Res 2011 Jun
24. doi: 10.1002/jor.21486 [Epub ahead of print].31. Dodin P, Pelletier JP, Martel-Pelletier J, Abram F. Automatic
human knee cartilage segmentation from 3D magnetic reso-
nance images. IEEE Trans Biomed Eng 2010;57:2699e711.
32. Iranpour-Boroujeni T, Watanabe A, Bashtar R, Yoshioka H,
Duryea J. Quantiﬁcation of cartilage loss in local regions of
knee joints using semi-automated segmentation software:
analysis of longitudinal data from the osteoarthritis initiative
(OAI). Osteoarthritis Cartilage 2011;19:309e14.
33. Wirth W, Buck R, Nevitt M, Le Graverand MP, Benichou O,
Dreher D, et al. MRI-based extended ordered values more efﬁ-
ciently differentiate cartilage loss in knees with and without
joint space narrowing than region-speciﬁc approaches using
MRI or radiographye data from the OA initiative. Osteoarthritis
Cartilage 2011;19:689e99.
34. Moisio K, Chang A, Eckstein F, Chmiel JS, Wirth W, Almagor O,
et al. Varus-valgus alignment: reduced risk of subsequent
cartilage loss in the less loaded compartment. Arthritis Rheum
2011;63:1002e9.
35. Wei S, Venn A, Ding C, Martel-Pelletier J, Pelletier JP, Abram F,
et al. The associations between parity, other reproductive
factors and cartilage in women aged 50e80years. Osteoar-
thritis Cartilage 2011 Aug 16 [Epub ahead of print].
36. Bennell KL, Bowles KA, Wang Y, Cicuttini F, Davies-Tuck M,
Hinman RS. Higher dynamic medial knee load predicts greater
cartilage loss over 12 months in medial knee osteoarthritis.
Ann Rheum Dis 2011;70:1770e4.
37. Brennan SL, Pasco JA, Cicuttini FM, Henry MJ, Kotowicz MA,
Nicholson GC, et al. Bone mineral density is cross sectionally
associated with cartilage volume in healthy, asymptomatic
adult females: Geelong Osteoporosis Study. Bone 2011;49:
839e44.
38. Berry PA, Jones SW, Cicuttini FM, Wluka AE, Maciewicz RA.
Temporal relationship between serum adipokines, biomarkers
of bone and cartilage turnover, and cartilage volume loss in
a population with clinical knee osteoarthritis. Arthritis Rheum
2011;63:700e7.
39. McAlindon TE, Nuite M, Krishnan N, Ruthazer R, Price LL,
Burstein D, et al. Change in knee osteoarthritis cartilage
detected by delayed gadolinium enhanced magnetic reso-
nance imaging following treatment with collagen hydrolysate:
a pilot randomized controlled trial. Osteoarthritis Cartilage
2011;19:399e405.
40. Van Ginckel A, Baelde N, Almqvist KF, Roosen P, McNair P,
Witvrouw E. Functional adaptation of knee cartilage in
asymptomatic female novice runners compared to sedentary
controls. A longitudinal analysis using delayed gadolinium
enhanced magnetic resonance imaging of cartilage (dGEMRIC).
Osteoarthritis Cartilage 2010;18:1564e9.
41. Souza RB, Stehling C, Wyman BT, Hellio Le Graverand MP, Li X,
Link TM, et al. The effects of acute loading on T1rho and T2
relaxation times of tibiofemoral articular cartilage. Osteoar-
thritis Cartilage 2010;18:1557e63.
42. Cibere J, Zhang H, Thorne A, Wong H, Singer J, Kopec JA, et al.
Association of clinical ﬁndings with pre-radiographic and
radiographic knee osteoarthritis in a population-based study.
Arthritis Care Res (Hoboken) 2010;62:1691e8.
43. Guermazi A, Hunter DJ, Li L, Benichou O, Eckstein F, Kwoh CK,
et al. Different thresholds for detecting osteophytes and joint
space narrowing exist between the site investigators and
the centralized reader in a multicenter knee osteoarthritis
study-data from the osteoarthritis initiative. Skeletal Radiol
2011 Apr 9. doi: 10.1007/s00256-011-1142-2 [Epub ahead of
print].
44. Muraki S, Oka H, Akune T, En-yo Y, Yoshida M, Nakamura K,
et al. Association of occupational activity with joint space
D. Hayashi et al. / Osteoarthritis and Cartilage 20 (2012) 207e214214narrowing and osteophytosis in the medial compartment of
the knee: the ROAD study (OAC5914R2). Osteoarthritis Carti-
lage 2011;19:840e6.
45. Yoshimura N, Muraki S, Oka H, Kawaguchi H, Nakamura K,
Akune T. Association of knee osteoarthritis with the accumula-
tion of metabolic risk factors such as overweight, hypertension,
dyslipidemia, and impaired glucose tolerance in Japanese men
and women: the ROAD study. J Rheumatol 2011;38:921e30.
46. Muraki S, Dennison E, Jameson K, Boucher BJ, Akune T,
Yoshimura N, et al. Association of vitamin D status with knee
pain and radiographic knee osteoarthritis. Osteoarthritis
Cartilage 2011.
47. Roemer FW, Hunter DJ, Winterstein A, Li L, Kim YJ, Cibere J,
et al. Hip osteoarthritis MRI scoring system (HOAMS): reli-
ability and associations with radiographic and clinical ﬁndings.
Osteoarthritis Cartilage 2011;19:946e62.
48. Leydet-Quilici H, Le Corroller T, Bouvier C, Giorgi R,
Argenson JN, Champsaur P, et al. Advanced hip osteoarthritis:
magnetic resonance imaging aspects and histopathology
correlations. Osteoarthritis Cartilage 2010;18:1429e35.
49. Pollard TC, McNally EG, Wilson DC, Wilson DR, Madler B,
Watson M, et al. Localized cartilage assessment with
three-dimensional dGEMRIC in asymptomatic hips with
normal morphology and cam deformity. J Bone Joint Surg Am
2010;92:2557e69.
50. Nicholls AS, Kiran A, Pollard TC, Hart D, Arden CP, Spector T,
et al. The association between hip morphology parameters and
19-year risk of end-stage osteoarthritis in the hip: a nested
case-control study. Arthritis Rheum 2011 Jul 7. doi: 10.1002/
art.30523 [Epub ahead of print].
51. Hartoﬁlakidis G, Bardakos NV, Babis GC, Georgiades G. An
examination of the association between different morpho-
types of femoroacetabular impingement in asymptomatic
subjects and the development of osteoarthritis of the hip.
J Bone Joint Surg Br 2011;93:580e6.
52. Kwok WY, Kloppenburg M, Rosendaal FR, van Meurs JB,
Hofman A, Bierma-Zeinstra SM. Erosive hand osteoarthritis: its
prevalence and clinical impact in the general population and
symptomatic hand osteoarthritis. Ann Rheum Dis 2011;70:
1238e42.
53. Haugen IK, Englund M, Aliabadi P, Niu J, Clancy M, Kvien TK,
et al. Prevalence, incidence and progression of hand osteoar-
thritis in the general population: the Framingham Osteoar-
thritis Study. Ann Rheum Dis 2011;70:1581e6.
54. Haugen IK, Lillegraven S, Slatkowsky-Christensen B,
Haavardsholm EA, Sesseng S, Kvien TK, et al. Hand osteoar-
thritis and MRI: development and ﬁrst validation step of theproposed Oslo hand osteoarthritis MRI score. Ann Rheum Dis
2011;70:1033e8.
55. Schraml C, Schwenzer NF, Martirosian P, Koetter I, Henes JC,
Geiger K, et al. Assessment of synovitis in erosive osteoarthritis
of the hand using DCE-MRI and comparison with that in its
major mimic, the psoriatic arthritis. Acad Radiol 2011;18:
804e9.
56. Kortekaas MC, Kwok WY, Reijnierse M, Huizinga TW,
Kloppenburg M. Osteophytes and joint space narrowing are
independently associated with pain in ﬁnger joints in hand
osteoarthritis. Ann Rheum Dis 2011;70:1835e7.
57. Klauser AS, Faschingbauer R, Kupferthaler K, Feuchnter G,
Wick MC, Jaschke WR, et al. Sonographic criteria for therapy
follow-up in the course of ultrasound-guided intra-articular
injections of hyaluronic acid in hand osteoarthritis. Eur J Radiol
2011 Jun 25. doi: 10.1016/j.ejrad.2011.04.073 [Epub ahead of
print].
58. Iagnocco A, Perella C, D’Agostino MA, Sabatini E, Valesini G,
Conaghan PG. Magnetic resonance and ultrasonography
real-time fusion imaging of the hand and wrist in osteoar-
thritis and rheumatoid arthritis. Rheumatology (Oxford) 2011;
50:1409e13.
59. Hunter DJ, Arden N, Conaghan PG, Eckstein F, Gold G,
Grainger A, et al. Deﬁnition of osteoarthritis on MRI: results of
a Delphi exercise. Osteoarthritis Cartilage 2011;19:963e9.
60. Conaghan PG, Hunter DJ, Maillefert JF, Reichmann WM,
Losina E. Summary and recommendations of the OARSI FDA
osteoarthritis assessment of structural change working group.
Osteoarthritis Cartilage 2011;19:606e10.
61. Reichmann WM, Maillefert JF, Hunter DJ, Katz JN,
Conaghan PG, Losina E. Responsiveness to change and reli-
ability of measurement of radiographic joint space width in
osteoarthritis of the knee: a systematic review. Osteoarthritis
Cartilage 2011;19:550e6.
62. Chu Miow Lin D, Reichmann WM, Gossec L, Losina E,
Conaghan PG, Maillefert JF. Validity and responsiveness of
radiographic joint space width metric measurement in hip
osteoarthritis: a systematic review. Osteoarthritis Cartilage
2011;19:543e9.
63. Hunter DJ, Zhang W, Conaghan PG, Hirko K, Menashe L,
Reichmann WM, et al. Responsiveness and reliability of MRI in
knee osteoarthritis: a meta-analysis of published evidence.
Osteoarthritis Cartilage 2011;19:589e605.
64. Hunter DJ, Zhang W, Conaghan PG, Hirko K, Menashe L, Li L,
et al. Systematic review of the concurrent and predictive val-
idity of MRI biomarkers in OA. Osteoarthritis Cartilage 2011;
19:557e88.
